For some patients, the fear of awareness or of 'waking up in the middle of the operation' is greater than concern about the impending surgery. Likewise, for most anaesthetists a major concern after ensuring that the patient comes to no harm, is that the patient is not 'aware'. Despite the tremendous advances that have been made in anaesthesia, we are still unable to predict reliably whether our patient will be asleep throughout the anaesthetic; indeed, endeavours to find a single parameter that truly represents depth of anaesthesia have been compared with those of the alchemists in their search for the philosopher's stone. l Awareness is a problem in about 2% of all anaesthetics administered;2 there were 55 cases of awareness reported to the Medical Defence Union out of 150 I untoward anaesthesia-related events. 3 Awareness had a greater incidence than extravasation of drugs, pneumothoraces, burns, minor injuries and inhalation of foreign bodies. Moreover, its incidence has not declined in recent years. 3 This is due, at least in part, to the modern practice of using several drugs in combination with muscle relaxants. For patients breathing spontaneously, Guedel's classification provides some guide to the level of anaesthesia. l Awareness in apparently adequately anaesthetised patients breathing a volatile agent spontaneously is rare, but has been documented. 4 However, seven of the nine components of Guedel's system involve skeletal muscle activity and when muscle relaxants are used only pupil size and lacrimation are left. The signs which most anaesthetists now have to rely on are these and others mediated by the autonomic nervous system (sweating and an increase in heart rate and blood pressure). Unfortunately, these are unreliable indicators of depth of anaesthesia and awareness. The problem is aggravated by the use of potent analgesics which are poor hypnotics, by great inter-individual variability in responses to drugs, 5 and by the fact that many drugs may be used which themselves interfere with autonomic responses (e.g. opioids, phenothiazines, adrenergic blockers, anticholinergics). As these signs are so unsatisfactory, the modern anaesthetist generally has to rely on giving a little more anaesthetic, rather than a little less. When combinations of drugs are being used, the anaesthetist has to rely on experience and on a knowledge of the properties of the drugs being used to gauge the correct level of anaesthesia for each patient, assisted by the limited signs available.
Given this unsatisfactory situation, and given our poor understanding of the central nervous system in general, and of awareness and consciousness in particular, it is not surprising that awareness still occurs. In spite of great research effort in this area, there is currently no device which is generally accepted as providing a reliable indication of depth of anaesthesia. An ideal 'depth of anaesthesia monitor' should be reliable, and simple to set up, use and interpret, but should not be 'agent-specific' or present increased risk to the patient.
Attempts have been made to use the electroencephalogram (EEG). The EEG has not gained acceptance because it is logistically difficult to use, the traces are difficult to interpret, and there are differences between the traces obtained with different anaesthetic agents. For example, light nitrous oxide anaesthesia yields traces similar to those in awake individuals with closed eyes, whereas enflurane anaesthesia yields an epileptiform pattern. 6 The development of derived EEG parameters has allowed spectral array analysis of the EEG. This has produced more promising results with particular patterns developing at varying anaesthetic depth, but again the technique yields agent-specific patterns. Recently more consistent results have been obtained with the assessment of evoked cortical potentials in response to external stimuli under anaesthesia. However, the equipment is expensive, a high degree of skill and training is required for the acquisition and interpretation of the data, and its role in clinical practice has not yet been established.
Various attempts have been made to monitor skeletal muscle responses, but, as indicated above, seven of the nine Guedel parameters are lost when muscle relaxants are introduced. Spontaneous movements such as swallowing indicate light anaesthesia only if the patient is no longer paralysed. Electromyograms of spontaneous activity of certain groups of muscles have been used to indicate depth of anaesthesia (e.g. scalp muscles). However, very careful monitoring of the neuromuscular junction is necessary. Measurements of changes in the rate of oculomotor microtremor have also been used, I but these muscles are very sensitive to muscle relaxants, the method requires elaborate positioning and is not possible during head and neck surgery.
The isolated forearm technique has also been used, which relies on an awake patient to move. 7 Although the patient may not have recall of the event postoperatively, it is obviously desirable that a method be developed which assesses depth of anaesthesia and prevents the potential awareness upon which this method relies.
Efforts to quantitate autonomic function by tissue plethysmography for vascular tone and by changes in skin resistance for sweating have been generally disappointing as many other factors unrelated to depth of anaesthesia can produce changes.
The frequency of spontaneous and the amplitude of provoked contractions of the smooth muscle of the lower third of the oesophagus seem to correlate well with depth of anaesthesia. 8 . 9 The principle relies on balloon manometry of lower oesophageal contractility. Provoked responses occur after brief inflation of a proximally placed oesophageal balloon. Both spontaneously occurring and provoked contractions are then recorded by a more distally placed sensing balloon. The technique is simple, and the responses are not altered by muscle relaxants. Drugs (e.g. ganglion blockers, anticholinergics) and diseases (e.g. achalasia, scleroderma) affecting the autonomic nervous system or the oesophagus do alter responses. However, as the balloon may be incorporated into an oesophageal stethoscope, and as the signals need no complex processing, and are not 'agent-specific', further evaluation of this approach would seem to be worthwhile.
Despite the fact that there are no monitors available which can definitely monitor anaesthetic depth, the ones which are available should now be evaluated fully in the hope of further refinement. Gross 'under-dosing' at least may be avoided by the use of the upper limit oxygen alarm to detect when the emergency oxygen has been left on or when the nitrous oxide has run out, and wider use of volatile anaesthetic agent monitors may ensure that minimum concentrations of volatile anaesthetics are maintained. It has been pointed out that 'explicable' awareness can often not be defended, and that its avoidance is merely the good practice of anaesthesia. I D However, 'inexplicable' awareness presents a far greater problem. More attention will have to be directed towards monitoring depth of anaesthesia and correlating this with the incidence of dreams and awareness. It has been suggested that inexplicable awareness may never be eradicated because its incidence may be in patients at one extreme end of the normal distribution curve of biological variation of response to drugs. ID Ifwe are unable to guarantee general anaesthesia when our patients expect it, we may have to inform them of the incidence of awareness; this may become a component of informed consent. The incidence of awareness should ideally be monitored by postoperative visits, and each reported incident should be followed up. Acceptance of the possibility of awareness and discussion with the patient who has experienced awareness will help to calm the anxiety felt by such patients. However, as 'prevention is better than cure', our concern about awareness under anaesthesia should stimulate further study in this area, in the hope that a simple, reliable 'depth of anaesthesia' monitor can be developed. Ergonomics is derived from the Greek ergos, meaning work, and nomos, meaning basis or foundation, and may be defined as the scientific study of man at work. In the practice of anaesthesia, bioengineering is the science dealing with the interface between equipment and the patient, while ergonomics deals with the interface between equipment and the anaesthetist.
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Ergonomics has been applied widely in industry and domestic design but its application in anaesthesia has been lacking despite attempts to introduce the concept,1.2 and an anaesthetist is frequently positioned among an array of controls and monitors which covers up to 270 degrees in the horizontal plane and 120 degrees in the vertical plane. 3 Anaesthetic and. monitoring equipment have developed as individual components which have been applied randomly to practice. Collected data is rarely co-ordinated and facilities do not usually exist for transfer of information from one device to another. Although each item of equipment, when viewed alone, may be ideal for its task, when the collection of equipment is viewed as a whole, the result is ergonomically unsatisfactory.
Ergonomics may be applied to monitoring in anaesthesia both in equipment design and in the layout of the workplace.
Equipment design
Ergonomic design applies to displays and controls. Analogue displays may be in the form of dials or light-emitting-diode (LED) bar displays. When dials are used, pointers should be single-ended or have the non-indicator end painted in the same colour as the dial face. The pointer should not obscure the numerals and should rotate on a fixed scale with values increasing in a clockwise direction except in the case of vacuum gauges. The smallest scale unit to be read should be represented by a minimum of 1.3 millimetres. 4 When groups of dials are used the 'normal' condition should see all pointers in the 9.00 o'clock or 12.00 o'clock positions for ease of scanning. 4 LED bar displays are an alternative to dials. The scale should increase from bottom to top or left to right and the display should be in a colour other than red, which should be reserved for alarm functions and character displays.
Digital displays of characters must be easily discernible from a distance; ideal characteristics are well documented. 5 Character height should not be less than 16 degrees of an arc, i.e. 2.5 millimetres at 50 centimetres viewing distance, and should preferably exceed 20 degrees of an arc. Character width should be between 70% and 80% of character height with stroke width 12%-17% of character height.
Readability and the visual effort of reading is also dependent on inter-character spacing, parallax error and the colour of the characters. Adequate discrimination is achieved with an inter-character
